Inflation driven by single geometric tachyon with D-brane orbiting around NS5-branes  by Kwon, Pyung Seong et al.
Physics Letters B 712 (2012) 10–15Contents lists available at SciVerse ScienceDirect
Physics Letters B
www.elsevier.com/locate/physletb
Inﬂation driven by single geometric tachyon with D-brane orbiting around
NS5-branes
Pyung Seong Kwon a, Gyeong Yun Jun a, Kamal L. Panigrahi b, M. Sami c,∗
a Department of Physics, Kyungsung University, Pusan 608-736, Republic of Korea
b Department of Physics & Meteorology and Centre for Theoretical Studies, Indian Institute of Technology Kharagpur, 721 302, India
c Center for Theoretical Physics, Jamia Millia Islamia, New Delhi 110092, India
a r t i c l e i n f o a b s t r a c t
Article history:
Received 2 August 2011
Received in revised form 2 March 2012
Accepted 24 April 2012
Available online 26 April 2012
Editor: M. Trodden
We investigate models in which inﬂation is driven by a single geometrical tachyon. We assume that
the D-brane as a probe brane in the background of NS5-branes has non-zero angular momentum
which is shown to play similar role as the number of the scalar ﬁelds of the assisted inﬂation.
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The efforts to investigate the time dependent backgrounds in
string theory have recently attracted attention in context with the
study of tachyon condensation [1]. The effective ﬁeld theoretic set
up to describe the dynamics of the rolling tachyon is provided
by Dirac–Born–Infeld (DBI) action [2]. It was observed that in the
process of tachyon condensation, the unstable brane or the brane–
antibrane pair can decay to form a new stable D-brane.
It is interesting to note that the equation of state parameter
of the rolling tachyon ﬁeld varies from zero to minus one which
gave rise to hope that the open string tachyon on the unstable
D-brane can play the role of inﬂaton [3,4] (see also Refs. in [5]
on the related issue). This idea was also generalized to the ra-
dion ﬁeld in the case of a brane moving towards an antibrane,
and vice versa [6]. But since the effective potential of the rolling
tachyon computed in the perturbative string theoretic framework
does not contain adjustable parameters, it is not surprising that
the model fails to be compatible with the requirement of slow-
roll and COBE normalization. Efforts were made to address these
problems via warped compactiﬁcation [7,8] of the string theory. In
spite of several attempts to overcome the problems in open string
tachyon cosmology, it seems unlikely that this tachyon ﬁeld is re-
sponsible for inﬂation. Attempts to assign the role of dark matter
ﬂuid to rolling tachyon are also faced with a serious problem of
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In string theory, however, there might be many interesting time
dependent backgrounds and one of such possibilities was recently
investigated in [9]. In this scenario the motion of D-brane, as
a probe brane in the background of k coincident NS5-branes, gives
rise to an interesting dynamics which can be mapped to DBI ac-
tion. Indeed, it was shown in the ﬁve-dimensional brane world
models (codimension-1 brane) [10] and in the (p+3)-dimensional
string theory (codimension-2 brane) [11] that the presence of
NS–NS type brane is indispensable to obtain ﬂat backgrounds on
the transverse dimensions. This suggests that desired brane world
models must involve the NS-brane as their background branes and
the SM-branes (D-branes) are then placed near the background
NS-branes. These models, however, are faced with an instability
problem of the D-brane. It is known [9] that a D-brane propagat-
ing at some distance from a stack of k parallel NS5-branes becomes
unstable. The NS5-branes are much heavier than the D-branes in
the regime of small string coupling in this picture. Geometrically
this means that the NS5-branes form an inﬁnite throat in space–
time and the string coupling increases as we move towards the
bottom. Being lighter, the probe brane is gravitationally pulled to-
wards the NS5-branes.
The D-brane preserves half of the supersymmetry which is dif-
ferent from the other half preserved by the NS5-branes in Type-II
theory. Consequently, as the probe brane comes nearer the source
brane, the supersymmetry of the system is completely broken
which gives rise to a tachyonic degree of freedom on the D-brane.
Indeed, the radion becomes tachyonic in this case and then there
is a map between the tachyonic radion ﬁeld living on the world
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a non-BPS D-brane. Thus the motion of the probe brane in the
throat could be described by the condensation of the tachyon. It
is also possible to study the motion of the probe brane in the
background of a ring of NS5-branes instead of coincident branes
Refs. [12,13]. It is observed that the radion ﬁeld becomes tachy-
onic when the probe brane is conﬁned to one-dimensional motion
inside the ring. The condensation of the geometrical tachyon can
play important role in cosmology [14,15].
Cosmological applications of these models with open string
tachyon have been studied in literature using BPS and non-BPS
D-branes. For instance in [16], an assisted inﬂation using open
string tachyons was studied, where N open string tachyons are al-
lowed to roll simultaneously to obtain slow-roll inﬂation. In [17],
on the other hand, the authors studied rolling geometrical tachyon
induced on the N D3-branes moving in the vicinity of NS5-branes
to show that this system coupled to gravity gives the slow-roll as-
sisted inﬂation of the scalar ﬁeld theory. Further assisted inﬂation
scenario from the rolling of N BPS D3-brane into the NS5-branes,
on a transverse geometry of R3 × S1, coupled to four-dimensional
gravity has also been studied in [18]. In general, tachyon-inﬂation
models suffer from the large η-problem as in the conventional
models and are not favored for slow-roll inﬂation. This diﬃculty
may be avoided by allowing a large number of tachyons to simulta-
neously roll down to assist the inﬂation as mentioned above. Such
an assisted inﬂation, however, necessarily contains a large number
of D3-brane in the theory and consequently it is not adequate if
we want to ﬁnd a theory with a single D3-brane. Thus in that case
we may need to think about a different type of the theory which
only involves a single D3-brane but can satisfy the requirement of
the slow-roll inﬂation.
As mentioned above, in the conﬁgurations with D-brane(s) near
NS5-branes the supersymmetry of the system is completely bro-
ken and this gives rise to a tachyonic degree of freedom on the
D-brane and it becomes a non-BPS D-brane. The D-brane eventu-
ally falls into the ﬁvebranes and decays into a pressureless ﬂuid
called “tachyon matter”. Such a decay of the D-brane, however,
can be avoided in special cases. In [19], it was demonstrated that
for certain values of energy and angular momentum the D-brane
orbits around the ﬁvebranes, maintaining a ﬁxed distance from
the ﬁvebranes all the times and the decay of the D-brane is sup-
pressed. Indeed, in the case of non-zero angular momentum the
effective tachyon potential takes very different as compared to the
case of zero angular momentum1 and can give rise to viable inﬂa-
tionary scenario.
In this Letter we shall examine inﬂationary models in which the
inﬂation is driven by a single geometrical tachyon with an assump-
tion that the probe D-brane has non-zero angular momentum.
2. D-brane dynamics near NS5-branes
We begin our discussion by brieﬂy reviewing the work pre-
sented in [9] and [19]. In the presence of k coincident NS5-branes,
the metric, dilaton and NS–NS 3-form ﬁelds are given by
ds2 = dxμ dxμ + H
(
xn
)
dxm dxm ≡ GMN dxM dxN ,
e2(Φ−Φ0) = h(xn),
Hmnp = −qmnp∂qΦ, (1)
where xμ (μ = 0,1, . . . ,5) are the coordinates along the world vol-
ume of the k coincident NS5-branes, while xm (m = 6,7,8,9) are
1 For further examples see [20].the coordinates along the transverse dimensions. Also h(xn) is a
harmonic function,
h = 1+ kl2s /r2, (2)
where r2 =∑9n=6 xmxm and ls is the string length.
Let us consider a Dp-brane moving in the vicinity of the stack
of NS5-branes and stretched along the directions (x1, . . . , xp) with
p  5. If we label the world volume of the D-brane by ξμ , μ =
0,1, . . . , p. Then in the static gauge we have ξμ = xμ . The dynam-
ics of the world volume ﬁelds of the Dp-brane propagating in the
above background ﬁelds is governed by DBI (Dirac–Born–Infeld) ac-
tion
Sp = −τp
∫
dp+1ξ e−(Φ−Φ0)
√
−det|Gμν + Bμν |, (3)
where Gμν and Bμν are the pullbacks of GMN and BMN :
Gμν = ∂x
M
∂ξμ
∂xN
∂ξν
GMN , Bμν = ∂x
M
∂ξμ
∂xN
∂ξν
BMN . (4)
In Eq. (4) xM = (ξμ, xm), and xm represent the position of the
Dp-brane in the transverse space and they give rise to world vol-
ume scalars Xm(ξμ). In this Letter we shall assume that the world
volume components of the B-ﬁeld vanish, i.e., Bμν = 0 as it gen-
erally breaks the isotropy of the Dp-brane world volume. In case
of spatially homogeneous and isotropic background, Xm = Xm(t).
Gμν reduces to
Gμν = ημν + δ0μδ0νh
(
Xn
)
X˙m X˙m, (5)
and upon introducing polar coordinates, X6 = R cos θ and X7 =
R sin θ , the action (3) takes the following form
Sp = −τp
∫
dt
√
h−1(R) − (R˙2 + R2θ˙2), (6)
where h(R) is now h(R) = 1+ kl2/R2 and we have set the volume
of the Dp-brane equal to one.
The angular momentum and conserved energy following
from (6) take the forms
L = τp R
2θ˙√
h−1(R) − (R˙2 + R2θ˙2)
, (7)
E = τp 1
h
√
h−1(R) − (R˙2 + R2θ˙2)
. (8)
Solving these two equations in terms of R˙2 and θ˙2, one obtains
R˙2 = 1
ε2h2
[
ε2h −
(
1+ l
2
R2
)]
, (9)
and
θ˙2 = 1
R4h2
l2
ε2
, (10)
where l and ε are deﬁned as l = L/τp and ε = E/τp , respectively.
Note that the D-brane orbits around the ﬁvebranes, maintaining
certain distance from the ﬁvebranes all the time, i.e., R˙ = 0 pro-
vided the conditions
ε = 1 ←→ E = τp, (11)
and
l = √kls ←→ L =
√
klsτp (12)
are satisﬁed.
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S˜ p = −τp
∫
dt
√
1+ l
2
R2
√
h−1 − R˙2. (13)
In [19], it was shown that the action S˜ p in (13) is classically equiv-
alent to Sp in (6) as far as the radial motion is concerned. This in
turn means that the tachyonic behavior described by S˜ p is equiva-
lent to that of the original action Sp as the (geometrical) tachyon T
is only a ﬁeld redeﬁnition of R:
dT =√h(R)dR. (14)
The solution of (14) is [9]:
T (R) =
√
kl2s + R2 + 12
√
kls ln
√
kl2s + R2 −
√
kls√
kl2s + R2 +
√
kls
, (15)
and in terms of T , S˜ p can be rewritten as
S˜ p = −
∫
dt V˜ (T )
√
1− T˙ 2 =
∫
dt L(t), (16)
where V˜ (T ) is given by
V˜ (T ) = τp
√
1+ l2
R2√
h(R(T ))
. (17)
It should be noted that V˜ (T ) becomes ﬂat for l = √kls and in this
case the tachyon does not roll at all, thereby indicating that the
tachyonic degree of freedom induced on the D-brane disappears
and the D-brane returns to the stable brane.
3. Inﬂation from a single geometrical tachyon
In this section we shall examine the cosmological implications
of the geometrical tachyon in the inﬂationary universe. As men-
tioned earlier, the assisted inﬂation was proposed to overcome
the large η-problem. The assisted inﬂation consists of introduc-
ing a large number of D3-branes or equivalently a large number
of scalar ﬁelds. This idea was extended to inﬂationary model us-
ing N-geometrical tachyons [17], where the slow roll could be
achieved by taking N to be suﬃciently large. In what follows,
however, we shall focus on inﬂationary models which use a sin-
gle geometrical tachyon. It would be convenient to represent the
DBI action (16) in the following form
S˜ p = −
∫
d4x V˜ (Φ˜)
√−g
√
1+ α′(∂μΦ˜)2, (18)
where Φ˜ ≡ −T /√α′ , and gμν , a four-dimensional metric intro-
duced on the D3-brane is taken to be the FRW metric:
ds24 = −dt2 + a2(t)
[
dr2 + r2 dΩ22
]
. (19)
The action (18) taken with the Einstein–Hilbert action
SE =
M2p
2
∫
d4x
√−gR, (20)
lead to the following evolution equations,
¨˜
Φ = −(1− α′ ˙˜Φ2)(M2s V˜ ,Φ˜
V˜
+ 3H ˙˜Φ
)
, (21)
H2 = 8πG
3
V˜ (Φ˜)√
′ ˙˜ 2
(22)1− α Φwhere H(t) ≡ a˙/a is the Hubble parameter. Upon using (slow-roll)
condition α′ ˙˜Φ2  1, (22) can be cast in the standard form
H2 = 8πG
3
[
Veff (ψ) + ψ˙
2
2
]
, (23)
where ψ is some normalized version of Φ˜ and Veff is the corre-
sponding potential. In what follows we shall present the explicit
form of the effective potential.
We now turn our attention to inﬂation driven by geometrical
tachyon. The slow-roll parameters are given by
 = M
2
p
2
( V ′eff
Veff
)2
, η = M2p
V ′′eff
Veff
. (24)
In order to draw required number of e-folds,  and |η| have to be
small. These parameters are also related to the spectral index ns of
the scalar density ﬂuctuations in the early universe as
ns − 1	 −6 + 2η. (25)
The observations from the CMB measurements [21] require that
ns 	 0.95 which also implies that   1, |η|  1. In addition to
this,  and η are constrained by the observation on amplitude of
the primordial density perturbations,
δs = 1
π
√
75
1
M3p
V 3/2eff
V ′eff
 10−5 (26)
at horizon crossing. In the discussion to follow, we shall investigate
the particular cases of the effective potential imposing conditions
on the angular momentum l of the D3-brane.
3.1. Case (a): l <
√
kls
First we consider the case, l <
√
kls . From (17) we observe that
V˜ (R)/τp → 1 as R → ∞, while V˜ (R)/τp → l/
√
kls as R → 0. So,
for l <
√
kls the tachyon rolls from R ∼ ∞ (T ∼ ∞) to R ∼ 0
(T ∼ −∞) (note that V˜ (R) is a monotonic function), and the in-
ﬂation is expected to occur at R  √kls .
To ﬁnd Veff (ψ), we rewrite Eq. (17) in the form
V˜ (Φ˜) = τ3
[
1+ (l
2 − kl2s )
2α′Φ˜2
+ O
(
1
Φ˜4
)]
(27)
for R  √kls (or Φ˜  1). Substituting (27) into (22), and assuming
α′ ˙˜Φ  1, we ﬁnd that,
H2 = 8πG
3
[
M4s
(2π)3gs
(
1+ (l
2 − kl2s )M4s
2Φ2
)
+ 1
(2π)3gs
1
2
Φ˙2
]
,
(28)
where Φ ≡ MsΦ˜ and we have used τ3 = M4s /(2π)3gs . Compar-
ing (28) with (23), one obtains the expression for the effective
potential,
Veff (ψ) = M
4
s
(2π)3gs
[
1+ (l
2 − kl2s )M4s
2(2π)3gs
1
ψ2
]
, (29)
where ψ is deﬁned by ψ ≡ Φ/√(2π)3gs . The slow-roll parameters
are now given by
 	 XY 3, η 	 −6XY 2, (30)
where
X = (2π)
3gs
2k
M2p
M2s
1
1(l)
, Y = kM
2
s
Φ2
1(l), (31)
and 1(l) is deﬁned as 1(l) = (kl2s − l2)/kl2s .
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following plausible choice [17]
Φ2
kM2s
∼ 10, k = 1. (32)
Since 0 < 1(l) < 1 for l <
√
kls , we see from (31) that Y (=
6/|η|) ∼ 0.1, if we take l so as to satisfy 1(l) ∼ O (1). For X ∼ 1,
we have
 ∼ 0.002, η ∼ −0.01, (33)
which agrees with (25). Also from (29) one ﬁnds that (26) can be
written as
δs = (2π)
2
√
75
(
Ms
Mp
)
1√
k1(l)
1
XY 3/2
∼ 10−5, (34)
which then implies
Ms
Mp
∼ 10−7. (35)
It is interesting to note that the tensor to scalar ratio of pertur-
bations, r = 16 	 0.032 is quite low in the model. Finally, X ∼ 1
together with (35) implies
gs ∼ 10−16, (36)
which is the realistic decoupling limit considered in “Little String
Theories” [LST] around one TeV [22,23]. However, (36) is not com-
patible with the value of Ms/Mp ∼ 10−16 obtained in these theo-
ries [22,23].
3.2. Case (b): l >
√
kls with inﬂation occurring at R 
√
kls
Let us now consider, l >
√
kls . In this case the tachyon rolls from
R ∼ 0 (T ∼ −∞) to R ∼ ∞ (T ∼ ∞). Thus for l > √kls , inﬂation is
expected to occur around R  √kls or possibly at R ∼
√
kls if
√
kls
is not so large.
In the region, R  √kls , T (R) can be approximated by T (R) ∼√
kls ln R/
√
kls; from (17), we obtain
V˜ (Φ˜) ∼= τp l√
kls
[
1− 1
2
2(l)e
2√
k
Φ˜
]
, (37)
where 2(l) ≡ (l2 −
√
kl2s )/l
2 and Φ˜ = T /√α′ . Substituting (37)
into (22) and comparing it with (23) one ﬁnds
Veff (ψ) = M
4
s
(2π)3gs
(
l√
kls
)[
1− 1
2
2(l)e
β(l)ψ/Ms
]
, (38)
where β(l) = 2(2π)3/2g1/2s (ls/
√
kl)1/2 and ψ = [(2π)−3g−1s (l/√
kls)]1/2Φ with Φ ≡ MsΦ˜ . In this case the slow-roll parameters
assume the form
 	 XY 2, η 	 −4XY , (39)
where
X = (2π)
3gs
2k
M2p
M2s
(√
kls
l
)
, Y = 2(l)eβ(l)ψ/Ms . (40)
Let us note that 0 < 2(l) < 1 for l >
√
kls and therefore Y (=
4/|η|) → 0 as β(l)ψ/Ms(	 Φ/Ms) → −∞.
Now we estimate  and η with the following assumption,
R√ ∼ e 1√k ΦMs ∼ 1√ , k = 1, (41)
kls 10Eqs. (32) and (40) imply that, Y (= 4/|η|) ∼ 1/√10 if 2(l) ∼
O (1). Thus, if we set, X ∼ 2 × 10−2, the slow-roll parameters be-
come
 ∼ 0.002, η ∼ −0.024, (42)
which agrees with (25). Turing to (26), one can show that δs can
be written as
δs 	 − 1
2π
√
75
(
Ms
Mp
)
1
XY
(43)
in the present case, δs ∼ 10−5 implies
Ms
Mp
∼ 10−6. (44)
And X ∼ 10−2 together with (44) gives
gs ∼ lˆ × 10−16 (lˆ ≡ l/
√
kls). (45)
So, differently from the case (a), gs cannot be determined in the
case (b).
3.3. Case (c): l >
√
kls with inﬂation occurring at R ∼
√
kls
We ﬁnally consider the case, l >
√
kls again, but assume that
inﬂation occurs around R ∼ √kls this time. To ﬁnd V˜ (Φ˜), we ﬁrst
set
R = √kls + η (η 
√
kls). (46)
Then we ﬁnd from (15)
T 	 √2kls
[
1+ 1√
2
ln(
√
2− 1) + x− 1
4
x2
]
, (47)
where x≡ η/√kls . Using then Eq. (17), we ﬁnd that
V˜ (T ) 	 τp
(
1+ (l/√kls)2
2
)1/2
×
[
1− 1
2
3(l)x+ 1
2
3(l)
[kl2s + 14 (l2 − kl2s )]
(l2 + kl2s )
x2
]
, (48)
where 3(l) ≡ (l2 − kl2s )/(l2 + kl2s ). Eq. (47) can be solved by
x = C(Φ˜) + 1
4
C2(Φ˜), (49)
where C(Φ˜) is deﬁned by
C(Φ˜) = 1√
2k
(Φ˜ − Φ˜0) (50)
with Φ˜ ≡ T /√α′ and Φ˜0 ≡
√
2k[1 + (1/√2) ln(√2 − 1)]. So (48)
can be rewritten as
V˜ (Φ˜) = τp
(
1+ lˆ 2
2
)1/2[
1− 1
2
√
2k
3(l)(Φ˜ − Φ˜0)
+ 1
8k
3(l)
(
1+ lˆ 2)−1(Φ˜ − Φ˜0)2
]
, (51)
where lˆ ≡ l/√kls . Finally from (22) and (23) one ﬁnds
Veff = M
4
s
(2π)3gs
(
1+ lˆ 2
2
)1/2
×
[
1− 1
2
√
2k
√
(2π)3gs
(
2
1+ lˆ2
)1/2
3(l)
1
Ms
(ψ − ψ0)
+ (2π)
3gs
4
√
2k
3(l)
(1+ lˆ2)3/2
1
M2s
(ψ − ψ0)2
]
(52)
where ψ is deﬁned by ψ = [(2π)3gs]−1/2[(1+ lˆ 2)/2]1/4Φ .
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fore given by
 	 (2π)
3gs
8
√
2k
M2p
M2s
23(l)
(1+ lˆ2)1/2 ,
η 	 (2π)
3gs
2
√
2k
M2p
M2s
3(l)
(1+ lˆ2)3/2 , (53)
and
δs 	 − 2
√
2k
π
√
75
1
(2π)3gs
M3s
M3p
(
1+ lˆ 2
2
)1/2
−13 (l). (54)
Also from (53) one ﬁnds
4
η
= (1+ lˆ 2)3(l). (55)
To estimate the unknown parameters, ﬁrst consider the case l ∼√
kls , where 3(l) → 0 and (1 + lˆ 2) → 2. But in this case, 4/η
goes to zero (also note that η is positive in the case (c)) and the
condition (25) can never be satisﬁed. We next consider, l  √kls
which gives rise to 4/η 	 lˆ 2  1, and as a result, η is negligibly
small as compared to  . Thus using Eq. (25) we have the following
estimates,
 ∼ 0.01, η ∼ 0, (56)
and from  	 20× gs(Mp/Ms)2/lˆ ∼ 10−2 and δs 	 −3× 10−4(Ms/
Mp)3lˆ/gs ∼ 2× 10−5 we obtain the ratio of scales,
Mp
Ms
∼ 3× 104, lˆ = l√
kls
∼ gs × 1012. (57)
We again note that the tensor to scalar ratio of perturbations given
by r 	 0.16 in the present case is consistent with observations.
Eq. (58) may be thought as the equation for the number N of
the scalar ﬁelds appearing in the model of assisted inﬂation [17].
In [17], it was shown that the condition δs ∼ 2 × 10−5 implies
N ∼ (2π)3gs × 1010. In the case, l 
√
kls and the factor lˆ plays
the similar role as the number of the scalar ﬁelds (or the number
of D3-branes) of the assisted inﬂation [17].
Before closing this section, we wish to discuss two important
aspect of a realistic scenario that might come out of model un-
der consideration. The ﬁrst is related to back reaction on the
D3-brane world volume. We stress that the background NS5-branes
are much heavier than D3-branes as the mass of NS5-branes is of
the order of 1
g2s
, while that of D-branes goes like 1gs thereby in
weak coupling limit, the NS5-branes are much heavier than the
D3-branes and hence the dynamics is almost entirely governed
by the gravitational attraction of the D3-branes into the core of
NS5-branes. Thus for suﬃciently weak coupling, the back reaction
of these probe D3-branes can be ignored.
Let us now comment on the four-dimensional physics of our
model. The typical relationship between four-dimensional Planck
mass and the string mass is given by
M2p
M2s
= v0/
(
(2π)7g2s
)
(58)
where v0 = volume/(ls)6 is the overall volume factor of the com-
pact CY3-fold. Presumably, to control stringy corrections, the CY3
must have a large volume, v0  1. We consider the asymmet-
ric CY3 with the volume factor v0 ∼ 103 which is also preferred
by a small value of string coupling as discussed in [18]. For in-
stance, in the case (c), gs can be estimated as ∼10−5 from the
value of Mp/Ms in (57). With that choice there is no back reactionon CY3-fold and there is no more than one D3-brane per unit CY
measured in the units of string length.
4. Case (c) again
In Section 3 we have considered three cases of inﬂationary
models where the D3-brane is moving around a stack of NS5-
branes with certain radial and also a non-zero angular velocity.
Among these models, of particular interest is the case (c) where
the D3-brane is moving away from the ﬁvebranes and inﬂation
occurs at the radial distance, R ∼ √kls; the distance from the
ﬁvebranes as small as the string length. In fact, if the D-brane
has an energy of the magnitude ε ∼ lˆ/√2, R ∼ √kls becomes a
turning point of the radial motion, and the situation is that the
inﬂation takes place at the minimum distance R ∼ √kls from the
ﬁvebranes. For such a D-brane, the angular velocity at R ∼ √kls is
about θ˙ ∼ 1/√2kls (see (10)), and therefore the time it takes for
the D-brane to make a one turn will be about
t ∼ ls × 10, (59)
which becomes t ∼ 10−38s using Eq. (57).
Let us now estimate the time scale H−1. From (23) and (52) we
see that
H−1 ∼ (2π)3/2 Mp
M2s
(
gs
lˆ
)1/2
, (60)
which upon using (57) gives
H−1 ∼ Mp
M2s
× 10−5 	 10−1ls 	
(
1015 GeV
)−1
, (61)
and therefore the expansion time t(≡ 100H−1) should be about
t ∼ ls × 10. (62)
Eq. (61) shows that t is of the same order as the time it takes
for the D-brane to circle around the ﬁvebranes. So the natural
scenario associated with the case (c) may be described as fol-
lows. A D-brane comes into a stack of NS5-branes with a cer-
tain energy ε ∼ lˆ/√2 and a non-zero angular momentum l. This
D-brane approaches the ﬁvebranes until the radial distance be-
comes R ∼ √kls , then it turns back to R → ∞ after circling the
ﬁvebranes about once within the distance R ∼ √kls and during the
revolution, the inﬂation occurs on the D-brane. In this process, the
D-brane loses so much of its energy that it cannot escape to in-
ﬁnity. It gets captured by the ﬁvebranes and starts orbiting around
them. Also the orbiting D-brane keeps losing its energy and the
angular momentum, and ﬁnally ﬁnds its stable state corresponding
to ε ∼ 1 and lˆ ∼ 1, for which V˜ (T ) becomes V˜ (T ) ∼ τp . This sce-
nario is quite distinguished from the conventional scenarios based
on the ordinary tachyon condensation.
In the case of the ordinary non-BPS D-brane, the tachyon rolls
from the maximum of the tachyon potential V (T ) = τp to the min-
imum V (T ) = 0 and in this process the minimum of the potential
describes a tachyon vacuum corresponding to ε = 0, where there
are no physical open string states. In the case (c), however, the end
of the process corresponds to nearly a BPS D-brane (see [24]) with
ε ∼ 1 and lˆ ∼ 1, on to which the open strings can end.
5. Summary
In this Letter, we have investigated inﬂationary models which
use rolling geometrical tachyon as inﬂaton induced on a D3-brane
moving in the vicinity of NS5-branes. These models are distin-
guished from those of the assisted inﬂation in the sense that they
include a single geometrical tachyon to drive inﬂation. We have
P.S. Kwon et al. / Physics Letters B 712 (2012) 10–15 15shown that the conﬁguration with a single D3-brane with large an-
gular momentum is effectively similar to the conﬁguration with a
large number of coincidence D3-branes as far as an inﬂation driven
by rolling geometrical tachyon(s) is concerned and this enables us
to obtain a scenario which can satisfy the requirement of slow-roll
without introducing a large number of D3-branes
Allowing for non-zero angular momentum l conﬁgurations,
leads to an important feature in the tachyon potential, V˜ (T ) =
τp
√
1+ (l2/R2)/√h(R(T )). The potential V˜ (T ) crucially differs
from the conventional geometric tachyon potential V (T ): It asymp-
totically approaches the value lˆτp as R → 0 where lˆ ≡ l/
√
kls , while
it approaches τp as R → ∞. Hence in case, l >
√
kls (or lˆ > 1), the
tachyon rolls from the maximum V˜ (T ) = lˆτp (R = 0) to the min-
imum V˜ (T ) = τp (R = ∞). As a result, inﬂation occurs around
R ∼ 0, and thereafter the D-brane moves away and ﬁnds its sta-
ble orbit at R ∼ ∞. We have shown that amongst the various cases
discussed in the present Letter, the most interesting possibility cor-
responds to l >
√
kls . In this case, inﬂation occurs around R ∼
√
kls
and the end of the tachyon condensation corresponds to a BPS
D-brane where the open strings can end. This is quite different
from the conventional geometrical tachyon scenario where tachyon
rolls from the maximum of its potential, V (T ) = τp (R = ∞) to the
minimum, V (T ) = 0 (R = 0). As a consequence, the D-brane ﬁnally
decays into a tachyon vacuum as it approaches R = 0 where there
are no physical open string states.
It is interesting to note that in the scenario discussed here, the
estimate of expansion time H−1 corresponds to GUT scale which
is, of course, related to the assumptions we made in the text. For
instance, in the case (c), namely, l >
√
kls , we assumed that the in-
ﬂation occurs at the turning point R ∼ √kls of the radial motion
of the D-brane. However, it is also possible to consider other con-
ﬁgurations with different turning points allowing us to generate
different values of the expansion scale.
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